This paper highlights the estimation and test procedures for multi-state Markov models with covariate dependences in higher orders. Logistic link functions are used to analyze the transition probabilities of three or more states of a Markov model emerging from a longitudinal study. For illustration purpose the models are used for analysis of panel data on Health and Retirement Study conducted in USA during 1992-2002. The applications use self reported data on perceived emotional health at each round of the nationwide survey conducted among the elderly people. Useful and detailed results on the change in the perceived emotional health status among the elderly people are obtained.
Introduction
In a longitudinal study, we observe correlated outcomes over time which may pose difficulty in modelling such data. These outcomes may be categorical ordinal and the correlations among the repeated measures have to be considered in analyzing these data. A popular choice is the use of generalized estimating equations (GEE) which is a marginal model with specification of underlying correlation structure. However, the choice of a correlation structure under a GEE framework is arbitrary. The specification of correlation structure is more complex in case of polytomous outcomes (Yu et al., 2003) . A first order Markov transition model was proposed by Yu et al. (2003) . A model for the first order binary outcomes was introduced by Muenz and Rubinstein (1985) and higher order models were proposed by Islam and Chowdhury (2006) and Islam et al. (2009) . 
Differentiating with respect to the parameters and solving the following equations we obtain the likelihood estimates for m(m-1)(p+1) parameters. 
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Hence,
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=0,…,m-1. The observed information matrix can also be obtained from following second derivatives.
Testing for the Significance of Parameters
There are some inference procedures developed for the models based on first-order Markov chains (see Anderson 
To test the null hypothesis 0 :
, we can employ the usual likelihood ratio test 
Application
For this study, an application using the Health and Retirement Study (HRS) data is given. To analyze the self-reported mental health states, we considered the following explanatory variables: gender (male=1, female=0), marital status (unmarried=0, married=1), vigorous physical activity (3 or more days per week) (yes=1, no=0), ever drank any alcohol (yes=1, no=0), ever smoked (yes=1, no=0), felt depressed during the past week (yes=1, no=0), felt lonely during the past week (yes=1, no=0), race (white=1, else 0; black=1, else 0; others= reference category), age (less than or equal to 60 years=0 and more than 60 years=1). Table 1 demonstrates the distribution of respondents' by status of perceived health and the selected variables in 1992. It is observed that most of the respondents were in the state of very good/excellent, followed by fair/good. It appears that only 8 percent were in the poor status of perceived mental health at the baseline, 42 percent in the fair/good states and about 50 percent in the very good/excellent states. The poor status of perceived emotional health was prevalent at a higher proportion among unmarried respondents, those not involved with vigorous physical activity for 3+ days/ week, those do not drink alcohol, smokers, feeling depressed and lonely, non-whites, blacks, and respondents aged more than 60 years (non-significant).
The transition counts and transition probabilities for the study period (1992-2002) are shown in Table 2 . We have considered all the transitions made by all the respondents during the study period. About 57 percent remained in the poor state starting from poor, while 40 percent made transition from poor to good/fair and 3 percent moved from poor to very good/ excellent status of perceived mental health. Similarly, during the same period, 7 percent reported a move from fair/good to poor health status, 72 percent remained as fair/good, and 21 percent made a transition from good/fair to very good/excellent. It is also noteworthy that less than 1 percent made transition from very good/ excellent to poor status of perceived mental health, 25 percent to good/fair, while 75 percent remained in the perceived health status of very good/excellent.
The estimates of parameters for the first-order covariate dependent Markov models for three states are shown in Table 3 . Higher order models could not be fitted due to lack of adequate cell frequencies. We have fitted m(m-1) models (3*2=6), where m is the number of states. The models are for transition of types: (i) poor  fair/good, (ii) poor  very good/excellent, (iii) fair/good  poor, (iv) fair good/ excellent  very good/ excellent, (v) very good/excellent  poor, and (vi) very good/ excellent  fair/good.
Transition of the type, poor  fair/good, is positively associated with physical activity and drinking alcohol, and negatively associated with feeling depressed. As the data are based on self reported perceived emotional health, the relationship with some selected explanatory variables such as drinking alcohol should be interpreted carefully. Similarly, transition of the type poor  very good/excellent is statistically associated positively with physical activity and elderly black.
A reversal is observed for transition of the type, fair/good  poor, which appears to have negative association with marital status, physical activity, drinking alcohol, whites and blacks as compared to Asians or other races while there is evidence of positive association with smoking, feeling depressed and feeling lonely. However, a transition from good/fair to an improved status of very good/excellent appears to increase with marital status (p<0.10), physical activity, drinking alcohol, but decreases with age, smoking, feeling depressed and feeling lonely.
A reversal in the impact is also observed for the transition from very good/excellent status of perceived emotion health to poor status and appears to have positive association with smoking and feeling depressed whereas negative association is observed with marital status, physical activity and drinking alcohol. Similarly, a reverse transition from very good/excellent to good/fair status of perceived emotional health is associated positively with gender, smoking, feeling depressed, feeling lonely, blacks compared to Asians and other groups but negatively associated with marital status, physical activity and drinking alcohol.
Conclusion
This paper illustrates some theoretical elaborations on the multi-state covariate dependent Markov models of first and higher orders. These models can provide very useful results for analyzing longitudinal data emerging from the studies on lifetime data analysis. The estimation and test procedures are discussed. We have used the logistic link functions for demonstrating relationships between transition probabilities and risk factors. An example is shown from the panel data on Health and Retirement Study conducted in USA during the period 1992-2002. The application uses the self reported data on perceived emotional health at each round of the nationwide survey conducted among the elderly people. We have obtained useful and detailed results on the change in the perceived emotional health status among the elderly people. 
